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(54) Level shifter

(57)  Alevel shifter uses a current mirror as a current
switch connected to the drains of two oppositely-driven
FETs. A switch selectively connects the current mirror to
its power supply so that no quiescent DC current flows.
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Description

[0001] The present invention relates to a level
shifter and more particularly to a CMOS level shifter.
[0002] Level shifters are well known in logic cir-
cuitry. Some prior art level shifters require current to
flow between the positive and negative supply rails in
one or both of the logic states. This can be avoided by
use of CMOS technology but there then may be a prob-
lem in that the relative current sourcing/sinking ability of
the NMOS and PMOS transistors may have to be bal-
anced. This is problematical because of process toler-
ances.

[0003] It is accordingly an object of the present
invention to at least partially mitigate the above-men-
tioned difficulties.

[0004] According to the present invention there is
provided a level shifter comprising a current mirror hav-
ing a circuit node for receiving a current controlled by a
control current applied at a control node thereof, said
current mirror being selectively connected to a supply
terminal via a supply switch, the level shifter further
comprising a first switch connected to said control node
for selectively applying said control current in response
to an input logic signal at an input node, a second switch
for selectively pulling down said circuit node in response
to said input logic signal and connecting circuitry con-
necting said circuit node to a control terminal of said
supply switch.

[0005] Preferably supply switch is implemented in
PMOS technology and said first and second switches
are NMOS transistors.

[0006] Advantageously said current mirror com-
prises first and second p transistors having common
drain/source terminals, the first transistor having a
source/drain terminal in common with its gate terminal
as said control node, and the second transistor having a
gate terminal in common with the gate terminal of the
first transistor and a source/drain terminal as said circuit
node.

[0007] Preferably said connecting circuitry includes
pull-up circuitry connected to said circuit node for main-
taining said circuit node potential when said supply
switch disconnects said current mirror from said supply
node.

[0008] Preferably said pull-up circuitry comprises a
p FET.
[0009] In one embodiment said connecting circuitry

further comprises a direct connection between said cir-
cuit node and a control node of said supply switch.

[0010] Alternatively said connecting circuitry com-
prises a first inverter connected between said circuit
node and a gate of said pull-up FET and a second
inverter connected between said gate of said pull-up
FET and the control terminal of said supply switch.

[0011] Preferably said level shifter further com-
prises an input inverter connected between a control
node of said first switch and a control node of said sec-
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ond switch.

[0012] An embodiment of the invention will now be
described with reference to the accompanying drawings
in which:-

Figure 1 shows a first embodiment of a level shifter
in accordance with the present invention;

Figure 2 shows a simplified level shifter in accord-
ance with the present invention:

Figure 3 shows a partial schematic view of an alter-
native level shifter realizing a first logic function;
and

Figure 4 shows a partial schematic view of a sec-
ond alternative level shifter realizing a second logic
function.

[0013] In the various figures like reference numer-
als refer to like parts.

[0014] Referring first to Figure 1 a level shifter has
an input terminal 1 connected to a first PMOS FET 2
and, via an inverter 3 to a second PMOS FET 4. The
first and second FETs 2 and 4 have their sources con-
nected to a negative supply VSS. The drain of the first
FET 2 is connected to the control node 5 of a current
mirror 10. The second FET 4 has its drain connected to
a circuit node 6 of the current mirror 10. The current mir-
ror 10 consists of two p FETS 11, 12, of which the first p
FET 11 has a commoned gate and source/drain elec-
trode connected as the control node 5. The second p
FET 12 has a gate electrode connected to the gate elec-
trode of the first p FET 11 and a drain/source terminal 6
as the circuit node. The two p FETs have a common
source/drain terminal 14 which is selectively connected
to a supply terminal 15, in use receiving the positive
supply VDD, via a supply switch 20. The supply switch
is PMOS FET and, in this embodiment, the control elec-
trode of the supply switch 20 is connected to the circuit
node 6 via the series arrangement of two inverters 21,
22. The circuit node 6 is further connected to the posi-
tive supply terminal 15 via a pull-up transistor 24 whose
control electrode is connected to the output of the first
inverter 21. The pull-up transistor 24 is weak by compar-
ison with the second switch 4.

[0015] In the present embodiment, the circuit output
is derived from the output of the second inverter 22; it
will of course be understood that it could be derived
from a further inverter connected to the circuit node 6, if
appropriate. The use of such an inverter to provide the
output allows for separate optimization of the data prop-
agation delays and the control for enabling the supply.
[0016] To consider the operation of the circuit it is
necessary to consider the two transistors 20 and 24. If
the circuit node 6 is at a high potential then the inverter
21 produces an output of low potential which is applied
to the gate of the pull-up switch 24 to cause the circuit
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node 6 to remain at high potential.

[0017] The second inverter 22 produces a low
potential at its output, thus effectively turning off the
supply transistor 20.

[0018] If at this time a logic 1 is applied to the input
terminal 1, the first switch 2 will be rendered conductive
but the open circuit afforded by the supply switch 20
prevents any current from flowing from node 5. The
result is that no change in the circuit occurs and no cur-
rent flows between the supply terminal 15 and the refer-
ence node VSS.

[0019] If a logic O is applied to input terminal 1, then
the first switch 2 will be turned off and the inverter 3 will
produce a high output to the second switch 4. The sec-
ond switch 4, because it is an NMOS FET will conduct
and will pull-down the circuit node 6 to a low potential.
The current mirror 10 is turned off - i.e.: the off-state of
the first switch 2 does not apply current to the controlling
p FET 11, and so no current flows through the controlled
p FET 12. Pulling down the circuit node 6 causes the
output of the first inverter 21 to go high, thus turning off
the pull-up switch 24 and, via the second inverter 22,
turning on the supply switch 20. Although the supply
switch is turned on, there is no DC path because the
current mirror 10 is off.

[0020] However, if at this time the input terminal is
again supplied with a logic 1, then the first switch 2 will
turn on thus sinking current from the control node 5 of
the current mirror which in turn causes current to flow
from the supply switch 20 through the second PMOS
FET 12 of the current mirror causing the circuit node 6
to be pulled high. Because in this situation the second
switch 4 is off, there is again no DC path present.
[0021] It will be seen therefore that the level shifter
as described is to a certain extent bistable.

[0022] A simplified arrangement is shown in Figure
2 in which the control gate of the supply switch 20 is
connected directly to the circuit node 6.

[0023] A constraint on both of the embodiments
described is that the current sourcing ability of the pull-
up transistor is less than the pull-down ability of the sec-
ond switch 4. There is no requirement to balance the
drain/source currents of NMOS and PMOS FETs. As
has been discussed above, there is no static current
flow in either logic state.

[0024] It will be clear to those skilled in the art that
the inverters 21 and 22 shown in Figure 1 have a prop-
agation delay. The particular circuit shown therefore
operates successfully provided the time between input
transitions to the input terminal 1 is greater than this
propagation delay. If this is not the case, then other
alternative circuits may be necessary to rapidly discon-
nect the remainder of the circuit from the positive supply
when required.

[0025] The particular configuration of current mirror
is that of a simple current mirror. Other switching circuits
for current comparators could be substituted, and spe-
cifically different current mirror circuits could be used.
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[0026] Finally, the circuits disclosed has only a sin-
gle input terminal. It would be clear to those skilled in
the art that, instead of the single NMOS FETS 2 and 4,
alternative circuits could be used to selectively connect
the nodes 5 and 6 to the reference node VSS.

[0027] Two examples of such alternative connec-
tions are shown in Figures 3 and 4.

[0028] In Figure 3 it will be seen that the first FET 2
has been replaced by two parallel FETs 200, 201 and
the second FET 4 by two parallel FETs 400, 401. Each
of the first pair 200, 201 has its source connected to the
reference node VSS and its drain connected to the con-
trol node 5 of the current mirror. Similarly, the second
pair, 400, 401 each has a source connected to the refer-
ence node VSS and a drain connected to the circuit
node 6 of the current mirror. The control gate of the first
transistor 201 of the first pair is connected to the control
gate of the first transistor 400 of the second pair via an
inverter 300 and likewise the gate of the second transis-
tor 201 of the first pair is connected to that of the second
transistor of the second pair via an inverter 301. The
control gate of the first transistor 200 is connected to a
first input terminal 100 and that of the second transistor
201 to a second input terminal 101.

[0029] It will be clear to those skilled in the art that
the circuit of Figure 3 provides an OR gating function.

[0030] A second alternative arrangement is shown
in Figure 4.
[0031] In this case each of the first and second

FETs 2 and 4 of Figure 1 are replaced by the series con-
nection of a first pair 203, 204 and a second pair 403,
404 of NMOS FETs with gates interconnected by invert-
ers 303, 304. Respective input terminals 103, 104 are
connected to the control gates of the first pair 203, 204.
It will be clear to those skilled in the art that this connec-
tion provides an AND gating function.

[0032] It will be clear to those skilled in the art that
other logic gating functions can be achieved by suitable
modification of the input transistors.

Claims

1. A level shifter comprising a current mirror (10) hav-
ing a circuit node (6) for receiving a current control-
led by a control current applied at a control node (5)
of said current mirror, said current mirror being
selectively connected to a supply terminal (15) via a
supply switch (20), the level shifter further compris-
ing a first switch (2) connected to said control node
for selectively applying said control current in
response to an input logic signal at an input node, a
second switch (4) for selectively pulling down said
circuit node in response to said input logic signal
arid connecting circuitry (21,22,24) connecting said
circuit node (6) to a control terminal of said supply
switch.

2. A level shifter as claimed in claim 1 wherein said



10.

5 EP 1 083 659 A1

supply switch (20) is implemented in PMOS tech-
nology and said first and second switches (2,4) are
NMOS transistors.

A level shifter as claimed in claim 1 or 2 wherein
said current mirror (10) comprises first (11) and
second (12) transistors having common
drain/source terminals, the first transistor (11) hav-
ing a source/drain terminal in common with its gate
terminal as said control node (5), and the second
transistor (12) having a gate terminal in common
with the gate terminal of the first transistor and a
source/drain terminal as said circuit node.

A level shifter as claimed in claim 3 wherein said
first (2) and second (4) transistors are p FETs.

A level shifter as claimed in any preceding claim
wherein said connecting circuitry includes pull-up
circuitry (21,24) connected to said circuit node for
maintaining said circuit node potential when said
supply switch disconnects said current mirror from
said supply node.

A level shifter as claimed in claim 5 wherein said
pull-up circuitry comprises a p FET (24).

A level shifter as claimed in any preceding claim
wherein said connecting circuitry further comprises
a direct connection between said circuit node (6)
and a control node of said supply switch (20).

A level shifter as claimed in claim 6 wherein said
connecting circuitry (21) comprises a first inverter
connected between said circuit node (6) and a gate
of said pull-up FET and a second inverter (22) con-
nected between said gate of said pull-up FET and a
control terminal of said supply switch.

A level shifter as claimed in any preceding claim
and further comprising an input inverter connected
between a control node of said first switch and a
control node of said second switch.

A level shifter as claimed in any preceding claim fur-
ther comprising a further first switch and a further
second switch connected to said first switch and
said second switch respectively to realize therewith
a logic function.
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